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& # w % - m. n ^ ^ b b b % tt^f^Jitiin 

(VCO) n m 2£(PLL) # tfr *( Ji tter) 4^ <f > 

m * s§ ' ^H/ijiat§fili ; - Bf Fal it to # 4& 3S 

(TDC) ' ffl^f tI1Rt4I^#it^f ; - & # tf # 
S3 ' «^B^«tfl*«jft*tt.*h* : - ^ f f # H • ffl 

^mt&df^ttt# ; - *ft * tt it 83 ' ffl a* i% « m * # 

ft # A m » W A - I ^ f'J II ' -ft&#f#*.#4L#E f'J 
it • Ji t ^ t ^ ' *'J ffl #J * € *&- ^ ^ ifc b£ an. 

(Output Clock) fifc & ¥j 3) £ #. & $ m # 'ft St # 

Mi ' ii«f mi > F^s^t iti ^ t ° 

— - ^*^4tB*:* 3- B 

2 a* & & *i S3 ; 

^ " ^X# a ^^# : Built-in Jitter Measurement Circuit For VolBuilt-in 

Jitter Measurement Circuit For Voltage Controlled Oscillator And Phase Lock Loop) 

A built-in jitter measurement circuit for a 
voltage controlled oscillator (VCO) 
and a phase lock loop (PLL) is disclosed. The 
circuit includes a divider for 

dividing frequency of signals, a time to digital 
converter (TDC) for converting 

periods of the frequency divided signals into 
digits, a variance calculator for 
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3 m. * tt % ss ; 

4 -f - ^ tf # 13 ; 

5 * 41 * tt & 33 : 

6 fij| it Hl # & 33 • 



^ > &*JNi## ■ Built-in Jitter Measurement Circuit For VolBuilt-in 

Jitter Measurement Circuit For Voltage Controlled Oscillator And Phase Lock Loop) 

calculating variance of the frequency divided 
signals, a mean calculator for 

calculating mean of the frequency divided signals, 
a encoder and counter for 

calculating and encoding of the frequency divided 
signals, and a state 

controller as a controller for all components. The 
circuit disclosed utilizes 
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> IfcicJrlflflS-f- : Built-in Jitter Measurement Circuit For VolBuilt-in 

Jitter Measurement Circuit For Voltage Controlled Oscillator And Phase Lock Loop) 

output clock of a circuit to be measured and a 
divider for increasing jitter of 

signals to be measured. Then the circuit measures 
bandwidth of a closed-loop 

circuit. Accordingly, jitter of output clock of an 
open-loop or an closed-loop 

is measured by correlating the measured bandwidth 
and the jitter from extrapolation. 
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i - ®Wi$tW (1) 

* # a ^ ^ ^ - « « 3t n & # t ' ffl «f sjisii 

# *| Sfc # t& * ' # a 4 fpj # m If *fc # % 4 ° 
[ & it *t % ] 

#ft3g^*JE&Jt*SS£«^*t*rJi*.4R. , frJL6<|jt 

*p it # # it # * f ' * 5. * * % & m ' m « # t» * # 4 * 

* a* *s a ^ * it m ;&(vlsi ) & * * it it ^ ' m & m. 

* 6 JL & * 9t ^ & «t A K ( SoC ) t 'te«.JS*h*P4fc3S«- 
B B a >H t *l * # tip £ #J • *J *» iRI « m j% £. 

a >* # # ssp m # ^ & m - *mmi*i t£ 4fe it #j $t ^ p& *i - # 
*i € & « ^ # n, ^ & ^t^a^-^tfj^^® £j Ja x *b «p 

# • fl&rt3£4L*|1*«*&- ' *1 *t 2fr # #t & if 4 >S'J ' *'] * # 
T & 48. > ii '}k - & - *T it 4t 
it *| t*( At-Speed Te s t i ng ) # ^ Jtk • 

*l Mf tt«t #(10- 12 second) 

fct «t if %L * $k to -B- & * ?p # • 

&7fr&#rt ' LogicVision ^ C ^ ffi m & it #J 
i£ ^.(Delay-Line) • iL ^ If (F 1 ip-F lop) * ft it 33 
(Counter) # it # fit ^ *f # 4» 3£ & *l 4 # $& 4 ° *^Jf 
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JL * ®WiSLW (2) 
5t J$ FaHSetup-Time) f% % £ ° 

ilt *b ' Credence 4fr*Qftffl£fc.rt3£#B£JlfcJL£.Jfc4. ' 

( t r i gger ) e, it X] 4^ b£ jgL » #&^I5Jit#jB3-Jii6.4L*MiL^ 

^ ft ' to ^ ^ m s w ^ m & # a # ai m sfe #i m. n ° 
^ it m i £ & » # #i ffl #, tt # # s tfn & & # 

*I if * * ' 5*h3i****hW*fc*1-*tJL » /^a t*fl5«A 

# ^ a #r # # ft * * *j 4l m j$l k £ I'j & m « # ' 
n ^ # • a & %l & # ^2 o o i #- a »i t* # *& t 

(International Test Conference, 20 0 1 ) H. A r — # #'J 
ft#^4^#^#^$2*it$l4L°r^/£ > tfe it - A # *f A 
4L i$ RJJ 4 jRI It i(A .Synthesizable, Fast and 
High -resolution Timing Measure Device Using a 
Component-invariant Vernier Delay Line)j » 'fit fl! ^ 
% it Ml ' *'Jfll;£J^4i(Differential)#jM& . ffi ja, & J9R. ® 
/t^***^^**/^^*^*^*** ' is. * $H *h tt. ft 
j&*4L«#*tt4*^&4L&£i«j:fr#Sifctt;fc-fe » fa JL ft fa 
&&£&fcirifc1?f$MM*$irM-!km l & » £ * £ # # 

[ # ^ 1*3 ] 

*■ * B £ # - * 4 * # ft 



^ B 9 a >l t ' « afc ^ 4 $J & 
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i * %W1$LW (3) 

& & w — a >$. ^ «. - « «r ft 3t * *i # ft * ^ 

ft 4 (Period J i t ter ) * -fc a* ft ft ft ft( Long-term 
Jitter) • i*&#MA4#jt*ft*frib&&*fc#&tt^ 

^ & W % - i tt£^ft4*--*t'sr«j£tt4jW#J-ft4 
€ n- ' * it ffl 7 & & ^(Test Integration) $t *| U, 

-?M &(Test Subtraction) • ^#$'ljt;l>#j#**,£#l-#-<sg 
° 

^.€*»*«*-it<t#^7&#*«ttKAll Digital 
Standard Cell Based Design) » W M ^ t 
(Reliability) H- #L # ffl. ^7 ( No i se Immunity) • & 

bb ta. tt # a m • aitffl^^i^^^^ • 

€ ' 4 J&J € 5& *t ^ #1 «t tf ' « « I* ^ «. & # 

^ ^ ^ 4l ^ — a 6^>j5t^^^-^»r^3t^ft^j#^ft 
' * n jft ft a* # 9 B a % to ( soc ) ft 3f € j& # & & 

t£ ft (Core Based) ^ i ^ *»J I* • 

# atf ^ £ - a #j ^ & & - ft -sr ft 3t #j ft ^'J ft ft ft 

^ € 9& ' ^Jffl*J4MSS^«^4L*&tH8^J!|L^ISfe- # U & & 
$k * * # ft ft ' te4f«4*JM3S*&.*frtfcB*Jlfc.4L-fc8£W#|-ft 
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s. ' W (4) 
* • 

' sM ft # =k. $J ft & & *b # & ' ;f -fa a at # £■ 

it $ # tfr ft ^ ' 2T«>K*3(li/»ril*W«I ° 

$r afl % — a #j >fc 3fr 4& 4£ — 3£ »T ft 3t # ft fc'J # f& 4 

^t^ ' *>j ft m * eg s& % & ^ m % • J£ & ^ ^ 4l it *. it 

* # 18 4l 3 - a ^^^Mt^-aL^rtJtW***!-^* 

3- % n- ' ft P-1 $K Latch Chain) ^ B!J it to # & H 6*j tBfc 
it & »| * it m ' * # H £ ^ # 'ft ^HOLD - CLEAR J^RUN =- 49 # 

# ^ # - a #J ^ $k # - 34 T ft 3t 6*J 4 *I ft % * 

$ ' *>j m € s& «. ft ^ * tt & #r ' w f«i it to # * n 
4^ « j& ' ft # ft ib * ^ ^ «t tt *. -sp- «t H # * # ^ * ^ 

(Standard Ce 1 1 ) ^ _h ft ffl ( R i s e T i me ) ^ T P£ Bf ft 
(Fall Time) ^ ^ I§1 > « ^ ^ t 4 1 • 
[ * IF A ] 

(I) # % ft ft 3U % ( J i tter Measurement Scheme) 
^lB^--*tit*l'li«lSfe^#t&*'#'S.« 4 ^fft*f^ 
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3. - ®Wt$LW (5) 

't^^a^^ > p(t) * $ JSL m ax Jkfc ± £ • * 2 ' 

* ' * tT * W ' a L (T) *T b* « T *fr ft ' /c 

ttt » t L & 5© ^ % • # 1ft at it & > i& ft§# t& ft 

^ ^(«r) = ,W„ » «t M *fc flij -T » n #1 it ft! & # -I: B$ fil # t& ft 
& » $ fl6 ' f*1 m. & #} ft '14 ft >£. ft ft| Bf ft A ^ t L & . 

* 4fc ^ ff «^-^* a * » - Jit ft XI «4S3eifft»tt*|-4frftAf4li *P 

• a, it e ^ # #l t£ : 4* % 
3 n m >f ' nf^mt ^x(t) > # — it fti 8^ w h 

xl, x2, x3, ••• ' ifij * Bfcn i& & # fR. Sfe £y(t) • #• - it ft! 
#i*NI*yl f y2, y3, •■• ■ * M A * *• T : 

& ^ ' $l & m &J f&m & & T : 

J/ 1 = X 1 +X, + ... + ^ 

^2 ~ *n+l + • • ■ + x 2n 

yk — X (k-l)n+\ + X (k-\)n + 2 + • ■ ■ + X kn 
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i^#a/m^ (6) 

^2 = { x 2> x n+2 > x 2m+2 »••■) 
^3 = { x 3, x n+3, x 2n+3> -) 

y = (71,72, 73 ,-> 

H'J «T«**£pJY = S1+S2 + S3 + - + Sn • a * # ^ M sa 

3&mtem.s&&jg:&M.&mfi3-2 ' s k (k=i, 2, ••• , n) 3l m % 

*«iL^^aM4LlSl*fcft*t ' #t a *T a # f J « T M % £ ' 

M Y =M Si +M S2 +...+M Su 

a fit * ft *t fl& "T ' M sl = M s2 = ••• = M sn = MX J. a sl = a s2 
= ••• = a sn = a x ' ft »T a 4t flj # : 

2 2 

ay = naj 

£ # ftx ( t ) ^ # i& 4 it 1M& * ^ ^ * # ' m 

* # ' # ifcb # $>] n it *§ # x ( t ) m ft -k & « # % 

* . &^ajL##t£iHx(t)#i&&#t&*((7 x ) • 3 *h » *» 

E= { e, , e 2 , e 3 , ••• } * A\ A Ml ' *| »T « # #J %L SL & # M 

* ^ ^ T • 





i » ®Wi$LW (7) ^ 
My = rcMjr + M s 

K * * * IS) #j n 0L #J * £<J JgL $ % T a «t *t JL ' 
J: ' • «t Jk *t ' *I ffi -L ft & tf- 

# & * » #*f^m^^t^mt4Lia^#t!,f . Bp £ 

• j»«.|BJ^^|Sl6«I^*.ntf. ' *'] "ST ifc 
4t ^ # & ' *o # 4a ffl J, , J 2 , J 3 & it & #T ?F ' & m * #J 

m M- & SL > 41- $<J M 3€ # & • 4b ffl#r*F ' m. m 

i% tv m S^M % ' *jRlffl*S*&#*B38*&4L#fc ' £ #J *. * 

ft ' 3&»ra^ifc^*i3m3&4L#t&f: . j PLL ( ft] it ^ i it Jg- 

(in t 5t # * m # t& * ^ % n- * m 

u T * «, w m # W ^ J*3 & #J t 3& fit tf • *t^l&tlg^&«jm 

% # * ai ' 4- € *&• «t tf & & t a t # & & ■ 

1=1 

1=1 

* * 4s. * ft # * ' * t ffl if ^^N^ra^i, tt2 7 = 

128 • 

( 1/n Divider ) 1 - - & j& «E f'J H ( S t a t e 
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.2- - ®wt$tw (8) 

Controller^ > - ft * it % Si (Variance Calculator) 
3 - - -f t f * S3 (Mean Calculator) 4 - — <ft * tt #. 

H ( Encoder & Counter ) 5 - JX Bl - no ft # & H 

(Time to Digital Converter ,TDC)6 • 

t£ t s£ it ^ f# • #«I««8»t1Titift*l^*Silife4fBfe- 

$i a $c # *t ^ * *J ttt - $ & *•] ffli$fflitft*t&336 - 

«ft n m tt it si 5 > *i*i&$;&tt#^m%i&ft#&£t& 

ft ' *&#ftffi^^tt#SM*£**t#SS3tt#ill*iibl& 
*S51fife-*tR.*^ia*!- s p-Mjftm#t&# • itb Bf #j it ft >ft * 
^^ifLfa&ntem.$fiiktt}-ki%m&$!} J i • ^ 4i *t ' 0 ft n 

*r u W ' at w 3 *»J ffl * sU * ) • M^a^dHtB^A 
m ft #j it & # ft * • 

8^W*tft#*»6<j«ttt*»*6aB/9f^ ■ £ & # - P-1 g( 
3JSS&61 > -ttitSf62 - — 4ft 4% S3 63 - - JL Bl H (DFF) 

RU • #*it#^a^^^ft > * # •¥§ # b£ ffl «. -fit # & ft J-X 
^L^--|s]#it^^^ &H0LD * RUN ^CLEAR =. jf£ # # 4* 5*. ° 
# t$ m ttenab 1 e ft 4& i£ft b£ • P-l ^ 3g 3&6 1 <ff jL # ^ 
W * ' H ft HOLD m & ; # JSfc % m tenable ft $ & ft 3. $ S 
tfl M;rst ft 4& ^ ft e$ ' tfl tt m >&N0R gate & ft & & P\ & m 
J&61 ft ^ g>f # it . *&ftRUrUHi£ : * Jit tfr tfl ttenable ft A 
i£ ft JL t jfc m ttrst # ft A ft B$ • f-1 ^ 5g ft- # iiO i 

f'J tt 4® 5g ^ ft 0 ' ^ ft CLEAR m & 0 ft F-1 _L ft £§. if 

HTIf-^itBfffi^-rfe^-ift. ' ^ # B £ ^ ii 4£ $ # # 
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S. - ®Wi$LW (9) 

lb 46 41 ' ^«teft&a*fflitte#*35tt*friB*1tl*ttia*l 
J. & 4b • 

tt##^6bBim^ ' # B £ ^ l*3 5t #J *I % S£ #T ^ 
*T fcj *t *t > fi^TJt*»^^*«.(Full Scan) «fc tf 4l *h 
( ^ «t ft ^ I* * « 31 ^ (Faul t Coverage) #63% » i£ K $t % 

# * ' *'|l*«l>&31^" i Ti£#.£82%) > 
(MUX)65^jL^ H(DFF)66 « at #La t ch-Cha i n itJ #) ^ *T 
IS * >J Mb * & * I* «t « 31 #l -sr i£91% ' fcl tfc « 31 *(Test 
Coverage ) »T ^ 1 0 0% ° 

^Tt^tt^il^^i ' # B £ ffi T a T # b£ /f 
i9Ltf&*5-kp%imm^ ' U*#-B$J!fcm3feclkJ&$I-'f@Bfl , B < l 
td 4i & # fJ * — m. m ^clkd -clkdmtffl i M I* ^ f J - 
4 S tfl Sfcrst H t& tfl. tenable #j b£ # ° # $ — Bf fg. m Sfe 
c 1 k & $ i£ 4fc a£ . gp it >vRUN & j£ ' jLI-J | - aftmtclk 
Mb ' *'] ifc ^vHOLD m & ' it ^ * * fH fltrst SL * b£ 

J»*6*l3l*tt*t3&tt'tt. F-l & ( latch ) i! i ° ii ^ T - # 
$ - b£ Mi m $tclk A to 4l M ' ife^CLEAR^^, ' ffr F-1 3g i& 
>f F£ £ 0 • 

* # B £ 4L # &H0LD > CLEAR ^RUN =.^#J»^-^it 

^ # *IHfJ«L4L5t^(**M6<j8f Pal ) i& m & m.#\ ft % & %. 

W ^ tt ( du t y cycle) » ^tt-t^^tt^t^^itb • 
^ # W 4L Rfc If 1 «T a £.n> = 2 ft 'If 3L T ' & # u£ ft & 4# 
*feg*S5t#-ff^fcb(duty cycle) • *#-"y3£A6«jfc»Sfc;tL 
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3. - ®W$SLW (10) 

m * ^ % # ' ^rate#«it<ft«j8^J|||Ltflft4Lit*i*Pt 

#4 4bife^&*#B/3l|.{fc4L#it;&4L — ' lit a % ^ T 
4> $J * Bf #j |fc £ • *^***4fc^#^jL*hB£ffll*TI* 
B^Fa1^l5]^it^^3t^f5] • ffij # b£ ft £fc fa # & H ift tfi {ij 

# *. * % tf t£ £ ' *■ iH %L W *» T : Jp|8|j^r^ ■ £ - 
* * ffl *t # * * * /tf # ifc 1* *t(Step) ■ ffC ~ 

4rA**Bfr«>£tt**f-i$ ^(Actual Delay) - ^T«*a ' 
#&^B*l£ift*fcfe/tf«;t8#:*LWa«l;£«E & 'h ' ft i* <l B 
*%it&*mtt;te#4L • 
3r ^(Traditional Code-T. C. ) • 4a m ^ & # # 4a I 5 ] 

^ ' ^Wiib^^^t^ttii^^tht^mt ' R'j * m * 

4% . $ eg tf # #| 4| ft 41 4l % tf b£ RD (Depicted 
Delay) • % S. tf & ffi 41 tf ^ b£ ft & |$ b£ ft 4a *t ^ b£ ffl ffl 
m £ S fcb (Error %) • £■ t ^ Ml Bf W # & 

(Average Time Step) ^2.4ns/8 = 0.3ns : 

Error = ^P icte ^ Deity - Actual Delay x j 00% 
Averge Time Step 

ffi#^&Hfr-1&te#&fl4L*frifc*t4fcffift ' # # 4SI 4a HP 

# 41 4^ ng #j ig. it at 4a # • ff\^xm%%±^^^ ° Jt 2r 

T W iRTL (Register Transfer Level • ^ # H # # «. ) 
jfc f& f f ^ 3& *H H ( Encoder ) 4l t ' $ ft # <Kt ^ /& ' Jt'J 
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i - &wm*H (li) 

]fc^3&&#.&4ft^^/^^/&#<fS&.^®#A ']> (Area) H it 

A( Speed) m ir £ * £ " %sm*-%*fr&*&*nm$i&%- 

* 4t ^ 4ft <%(Equal ization Code-E.C. ) » |-b#H^U 

^ *t r«] » »^-ff^m«:ift^#*^b4ftfli«. * ^ Bf n ** 

& • i^Aft^ttTfelf t ' *■ # m £b ^ # * 4b 
4ft «l&#f*fcir£.fcb# & # ^ &r j£ ^ T t A §5 ^ 1 • 
(III) * *fc *l & * <* * 

it #J - cr x ^^^mife^#t&ft ^n&l&^l^^tl&OBfc-te ' 
J-mean ^var2 ^ft3fc#$Ji£f;s§-#&te4friii ■ H'J * ft $fc #} 

y/nxvar2 x — — — 
C7 m = mean 

error = °~>* ~ ^ xlQ0% 

#afr*|SJ*fr^ia*J6<itfltt > n E] £ & 64 ' 4ft ^ tfL % 4* $& * 
m £ & 30 Ops ' 4 m t£ ^ * ^4. 2 3% - t « ^ a ^) i| 

f t-iit) • it #• ^ JW »T a ffl T ?'J ^, * ^ : 
T ^0.85ns (Divider @TSMC0 2 5 design) 
nT^30ns (TDC @TSMC025 design) 
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i » ®wmn (12) 

T^10a x (If Xj is within + 5 a x ) 

s. & a # m ^ m. #§ m & ^ ^ m «t *t # ^ h & # 

i 7t t ° t #M2 b i t # tst 1 1 ffij -r ' #l^^^^m^it 

i'h^OJx 20x 2 12 (ns) = 2 4. 6 (us) Bf . & £ to *T & & 
5% 1*3 • *t 7v m ffe #] |e, ffi & « * «t ft $9 £ #j ° 

« i o n ^ ^ 1 1 m*.**^*** i 5 ] 

t^,t| ' A £ it 'If >X. t£ £ *p #. * • X & # ^ * ISI cr x ^ 

#«imft ' ^ # ^ # 5 % a t ft t£ £ 'ntsf) & m n & a T 

4L ^ * : 

0.3x v r 2 0</"na x < 0. 3 x 2 7 x 1/5 
1.34ns < /"n a x </" 7.68ns 

$ i o si ¥j % - n n % 1 1 m & % - n * % - *t a m & 

/~n a x A * m « & Ml flL A ; #10 ffl — H & v^n a x < 

i|#^i|^n#^a Ji6^^^ ' ft T a jffi #»J 4* hk 4 *| dj 
# *I tR St ° #'J *» * t ^ # 1 1 S * & - ?'J ffn f ' *fr ^ 8f JI6. it ^ 
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